The objective of this review is establishment of importance of cleaning validation in pharmaceutical industry. It provides background on cleaning validation in order to prevent the potential problems which may have effect on safety, efficacy and quality of pharmaceutical product being manufactured. Regulatory agencies like US FDA have recommended having an effective cleaning validation program. It briefly provides an overview on cleaning mechanisms, cleaning agents, methods of cleaning, sampling techniques, methods to determine acceptance criteria and analytical techniques to identify and quantify drug residues.
INTRODUCTION Validation:
The prime goal of any pharmaceutical industry is to manufacture or produce products of required attribute and quality consistently, at the lowest possible cost. Validation studies have been conducted in the pharmaceutical industry of long era still there is an ever-increasing interest in validation because of industry's greater emphasis in recent years on quality assurance program and is fundamental to an efficient production operation. 1 Validation is a concept that evolved in united states in 1978.The concept of validation has extended through the years to adopt a range of activities from analytical methods used for the quality control and quality assurance of drug substances and drug products for development, production, clinical trials, or process control, Validation is best viewed as a vital and integral part of cGMP. 2 According to US-FDA Validation is defined as "Process validation is establishing documented evidence which provides a high degree of assurance that a specified process will consistently produce a product meeting its pre-determined specifications and quality characteristics." 3 Thus, Cleaning Validation can be defined as "A documented evidence with high degree of assurance that one can consistently clean a system or piece of equipment to predetermined and acceptable limits."
Cleaning validation is primarily applicable to the cleaning of process manufacturing equipment in pharmaceutical industry. It is necessary to have effective cleaning programs in place because of regulatory requirements. 4 The focus of cleaning validation is those cleaned surfaces that, if inadequately cleaned, could potentially contaminate the product later manufactured in that same equipment. This primarily covers product contact surfaces in the cleaned equipment. Cleaning validation is not performed only to satisfy regulatory authorities. The safety of patients is the primary goal, and product contamination presents serious liability issues for any pharmaceutical manufacturer or contract organization. 5 
Need of Cleaning Validation:
1. To maintain product integrity: To maintain product integrity basically includes preventing cross-contamination as there might be the possibility that earlier product manufactured in the equipment may get into the product which is going to be manufactured in the same equipment. Contamination may also occur due to equipment residues, drug excipients and cleaning agents. 6 Another contamination may be due to microbial and/or endotoxins which may lead to safety issues in pharmaceutical dosage forms and may also affect the stability of the product. 
For equipment reuse:
Almost all of manufacturing equipment used in pharmaceutical manufacturing is made of stainless steel which is expensive thus, cannot be disposed of after use and should be reused. Therefore, validated cleaning program should be performed. 
Due to Regulatory requirements: All the
Regulatory agencies recommends for an effective cleaning validation program which includes the FDA, GMPs etc. 9 The U.S.
Food FDA has strict regulations for the cleaning validation which necessarily includes written procedures, equipment design, analytical methods, acceptance criteria etc. 
4.
Other requirements for cleaning validation may include: Initial qualification of process/ equipment, Critical change in a cleaning procedure, Critical change in formulation, Change in a cleaning process or Change in a cleaning agent. 
CLEANING MECHANISMS
Cleaning is the process of removing unwanted substance or contaminant from the surface of manufacturing. There are several mechanism that remove or aids in removing the contaminants from the equipment surfaces. 12 The various cleaning mechanisms include: ii.
Agitated Immersion: Agitated immersion is basically filling the cleaning solution into the vessel to be cleaned and then agitating it with the aid of agitator placed already in the vessel, followed by multiple times rinsing with suitable solvent.
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The cleaning solution may be an organic solvent or an aqueous solvent due to which cleaning takes place. This process of Agitated Immersion can be performed by using different parameters like various times, temperatures, cleaning agents, and flow conditions. The major advantages of Agitated Immersion are Low Capital cost, Simplicity followed by disadvantages like high process times. 
iii. Automated Parts Washing:
In this process the equipment is disassembled and the equipment parts are placed in a mechanical washer followed by cleaning, rinsing, and drying cycles with the aid of cleaning solution and rinsing solvent which are sprayed to all surfaces of the objects to be cleaned by spray jets and nozzles. 34 The performance of the automated washer is due to both the mechanical spray systems and due to the chemical action of the cleaner used. Step 2 -Calculation of MAC from ADE = (Previous) × MBS (Next) ( )
iii. LD50 based criteria:
In cases where no other data is available (e.g. ADE etc) and only LD50 data is available (e.g. chemicals, intermediates, detergents etc), the MAC can be based upon LD50 data.
Step 1 -Calculation of NOEL =
× BW 2000
Where,
NOELprevious -No Observed Effect Level
(mg/day), LD50 -Lethal Dose 50 in mg/kg animal (mg/kg), BW -Is the weight of an average adult (e.g. 70 kg) (kg) and 2000 is an empirical constant.
Step 2 -Calculation of MAC = (Previous) × MBS (Next) × ( ) Safety factors: Safety factors for different dosage forms is given in Table-1  Table I 
× BS 1000000
Where, BS -Smallest batch size to be available After the successful calculation of MAC (Maximum Allowable Carryover) the next necessary step is the establishment of the Swab and Rinse limits which are generally used as sampling methods, the establishment of the limit are illustrated below:
Swab Limits:
61 A recommended value for the Swab can be set; if it is assumed that there is homogenous distribution on all the surfaces. If the total direct contact surface is known, the target value for residue per square meter can be calculated which can be used as vital information for developing a method of analysis and setting up the detection limit. Swab limit can be calculated using the formula: 
ANALYTICAL METHODOLOGY
When the Acceptance criteria of the target substance is established, the analytical method to test for the targeted substance residues in each swab or rinse sample must be developed or selected which must be consistent with the acceptance criteria. 64 Regulatory authorities require that the accuracy, limit of Quantitation (LOQ), specificity, linearity and precision of test methods opted for cleaning validation should be established which must be accomplished in accordance with ICH guidelines. These guidelines also applied to the validation of analytical methods that are used to measure residues on the manufacturing equipment.
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The basic requirements are:
 The ability to detect the target substance(s) at levels consistent with the acceptance criteria  The ability to detect the target substance (s) in the presence of other materials that may also be present in the sample (selectivity).
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Types of Analytical Method:
Specific methods 2. Non -Specific methods
The selected analytical method must allow qualification of low levels of residue. On the basis of type of Sampling, consideration must be done on how sample preparation may have its influence on method's sensitivity and must relate to the acceptance criteria. 
Specific Methods:
i. HPLC: Most preferred method, with this method the Drug residue on Pharmaceutical equipments can be quantified. High Performance Liquid Chromatography (HPLC) make use of injecting sample injection into the separation column , separation of the target substance from other components in the sample, and then measurement of that target substance by the aid of ultraviolet (UV) spectroscopy, conductivity, or evaporative light-scattering detector. 68 ii.
Ultraviolet Spectroscopy: Drug substances in which active chromophoric group is present can be analyzed by this method; it is the most widely available analytical instrument. 69 iii.
Atomic Absorption Spectroscopy:
This method is specific to metal ions. Generally used for estimation of sodium or potassium ions during drug residue analysis. 70 iv.
Ion Chromatography: In Analysis of drug residue, this method can be specifically used in determination of anions and cations. It enables the different methods for separation and measurement of anions, which may be present in the detergents or cleaning agents used during cleaning of pharmaceutical manufacturing equipment. 
Non -Specific Methods:
i.
Total Organic Carbon: This method uses the oxidation of the substance and measurement of the carbon dioxide generated by using methods such as infrared spectrometry or conductance. The method has disadvantage that it consider that all the measured carbon is due to target substance being analyzed thus making it highly non specific. However this method is generally used in Biotechnological drug residue analysis. 73 ii.
Conductivity:
Conductivity measures specifically ions in solution because charge on ions facilitates the conductance of electric current but the conductance will be due all the ions present in the solution, which makes this method non specific as unable to detect the nature or type of ion. It can be used for the estimation of an alkaline or an acid cleaning agent. 74 
DISCUSSION
The Cleaning Validation is an ever-increasing challenge and the topic of interest in the Pharmaceutical industry and is recommended by regulatory agencies like US-FDA, the Cleaning validation demonstrate that manufacturing facilities produce a product which is pure, free from contamination, safe and efficacious in turn controlling the potential carryover of product, intermediates, cleaning agents, microbiological contaminants and extraneous material in subsequent product to the extent which is under acceptable limits. Therefore, the articles covers all the aspects which are required to have an effective cleaning validation program which includes cleaning mechanisms, cleaning agents used, cleaning methods employed, sampling techniques to be used, calculation of acceptance limits and the subsequent analysis of the residues using appropriate analytical method. 
